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Hand-arm vibration syndrome (HAVS) is a potential health hazard to workers in any occupation involving repetitive use of vibrating tools. HAVS is a collection of sensory, vascular, and musculoskeletal symptoms caused by repetitive trauma from vibration. The vascular abnormalities are due to arterial spasm, stenosis, and occlusion; injury to the intima, leading to thrombosis; and injury to the media, leading to aneurysm formation.[@bib1], [@bib2] The first symptoms are usually neurologic with numbness and tingling, whereas vascular manifestations typically present later and involve periodic ischemic episodes triggered by cold or stress. The nonused extremity is normal.[@bib1], [@bib3]

Several diagnoses must be considered when one is confronted with isolated pathologic changes in the hand: peripheral arterial disease, embolism from a central source, autoimmune hypercoagulability, Buerger disease, hypothenar hammer syndrome (HHS), and thenar hammer syndrome (THS). HHS is caused by stenosis or occlusion of the ulnar artery as it passes over the hamate bone due to single or repetitive blunt trauma to this area.[@bib4] THS is caused by damage to the radial artery at the wrist and presents similarly to HHS except in a thenar distribution.[@bib5] Differentiation of HAVS, HHS, and THS is based on a complete history and guided by clinical suspicion.

Our aim was to report a case of HAVS with digital artery thrombosis in a patient who consented to appear in this study. HAVS should be suspected whenever vascular or neurologic damage of the hands is present in a worker exposed to vibration. HAVS can be identified with a combination of occupational history, neurovascular symptoms, and vascular imaging.

Case report {#sec1}
===========

This 41-year-old right-handed man presented to a vascular clinic in 2015 with nonhealing wounds on his right thumb and third digit that had been present for 5 months. Before noticing the ulcerations, he had been experiencing numbness and tingling in his right hand. His left hand was asymptomatic. He had no past medical history. He had no history of previous Raynaud phenomenon or symptoms before this event, and no other extremities were affected. His significant past surgical history included bilateral rotator cuff repairs and bilateral carpal tunnel releases. He was a current smoker with a 5 pack-year smoking history. As a plumber, he reported on average 20 hours of power tool use a week, including jackhammers, drills, and power saws. Although some tools are two handed, he described primarily using his dominant right hand with the left hand for stabilization.

On examination, he had a normal right brachial pulse with a diminished right radial pulse and a monophasic right radial artery signal. A 1.5-cm wound with 0.25-cm eschar on his right third digit and a 0.25-cm dry eschar on his right thumb were found. His examination was otherwise unremarkable. Results of laboratory studies, including erythrocyte sedimentation rate, C-reactive protein level, antiphospholipid antibody, antinuclear antibody titer, lupus anticoagulant, gene 2021A mutation, and factor V Leiden, were all normal.

Noninvasive vascular studies showed normal brachial pressures, wrist-brachial indices, radial indices, and ulnar indices bilaterally. Finger pressures were unable to be performed at our hospital but would have been included in his preoperative workup if available. Angiography was chosen as the next step because of his symptoms. Computed tomography (CT) angiography demonstrated patent arteries from the thoracic arch to the right wrist. Selective right arm arteriography showed normal ulnar, radial, and interosseous arteries in the proximal right forearm ([Fig 1](#fig1){ref-type="fig"}, *a*). Distally, there was occlusion of the radial artery before the wrist ([Fig 1](#fig1){ref-type="fig"}, *b*). The interosseous artery appeared to feed the medial aspect of the hand normally supplied by the radial artery. The ulnar artery was occluded proximal to the wrist ([Fig 1](#fig1){ref-type="fig"}, *c*). Collaterals arising from the ulnar and interosseous arteries provided blood supply. The superficial and deep palmar arches were patent in two small areas ([Fig 2](#fig2){ref-type="fig"}). These occlusions were consistent with arterial thrombosis, but no source was found in the proximal arteries on arteriography, CT angiography, or echocardiography. The left arm was not imaged because of his lack of physical examination findings and symptoms.Fig 1Right upper extremity arteriogram demonstrating **(a)** patent radial, ulnar, and interosseous arteries at the distal forearm, **(b)** occlusion of the radial artery before the wrist, and **(c)** occlusion of the ulnar artery proximal to the wrist with collaterals providing blood supply to the lateral aspect of the hand.Fig 2Right upper extremity arteriogram demonstrating patency of two small areas of the superficial (\*) and palmar (!) arches with absence of blood supply to the thumb and diminished blood supply to the second to fifth digits.

Given the microvasculature involvement, this patient\'s disease was not amenable to surgery. We provided medical management to prevent further damage, including topical nitroglycerin and a calcium channel blocker. We also recommended cessation of smoking and use of vibrating tools. Because he was the owner of the business, the patient agreed to abstain from all tool use and to delegate responsibility. At his 1-month follow-up, the patient reported that he was compliant with his treatment strategy, including abstaining from tool use; his wounds had decreased to small scabs, and his other symptoms of numbness, tingling, and pain had mostly resolved.

Discussion {#sec2}
==========

This patient was found on arteriography to have occlusions of his ulnar, radial, superficial palmar, deep palmar, and multiple digital arteries with formation of collaterals. His symptoms and vascular imaging together suggested HAVS or possibly combined HHS and THS. Combined HHS and THS has been previously described in a case report of a 40-year-old man with symptomatic occlusion of both the radial and ulnar arteries of his right hand, thought to be caused by repetitive use of his right palm as a hammer.[@bib6] In this case, the patient\'s prolonged exposure to vibrating tools made HAVS most likely. Differentiating HAVS, HHS, and THS is crucial because the hammer syndromes may be amenable to thrombolysis, aneurysm excision with end-to-end reconstruction, or venous or arterial bypass grafts.[@bib4] On the other hand, there is a lack of evidence to show that surgery is beneficial for patients with HAVS, and these cases are often managed conservatively with smoking cessation, protection against vibrating tools, and calcium channel blocker medication.[@bib7], [@bib8], [@bib9], [@bib10] Although data suggest that systemic oral nitroglycerin can produce vasodilation and globally decrease flow to the affected extremity, locally applied nitro paste may be effective. This strategy involves the recruitment of localized capillary beds and should increase oxygen delivery to the affected area.[@bib8], [@bib10]

Other potential causes of digital ischemia were also ruled out. Normal wrist-brachial indices and CT arteriography with patent right upper extremity vasculature to the level of the wrist argued against significant peripheral arterial insufficiency. No proximal source of emboli was found on CT angiography and echocardiography. Classic features of Buerger disease were lacking, such as significant smoking history, bilaterality, and "corkscrew" appearance of vessels on angiography.[@bib11] Occlusive vasculopathy due to autoimmune disease were deemed less likely because systemic disorders tend to involve more than one extremity and because the patient lacked signs of inflammation on laboratory studies.[@bib12]

The patient\'s multiple vascular occlusions are most likely due to arterial thrombosis or intimal hyperplasia caused by chronic exposure to vibration. Thompson and House described three individuals who had \>10-year histories of occupational vibration exposure and HAVS diagnosed on vascular studies as well as digital artery thrombosis on angiography. The authors suggested that vibration may be contributing to thrombus development and that screening for arterial occlusions should be included in the HAVS workup.[@bib13] One hypothesis for the relationship of HAVS and arterial thrombosis is that vibration-induced shear stress damage on the vascular endothelium leads to activation of the coagulation cascade.[@bib14] Other studies have shown increased release of endothelin-1, a potent vasoconstrictor, by endothelial cells in response to vibration and diminished release of nitric oxide from damaged endothelium.[@bib2] If these pathophysiology theories are correct, withdrawal of vibration should help prevent further arterial thrombosis.

HAVS can lead to disability, occupation difficulties, and poor quality of life. One questionnaire given to 149 HAVS patients determined that two-thirds of these patients either stabilized or continued to decline after diagnosis and that their symptoms significantly affected their self-perceived health, quality of life, and work ability.[@bib15] Another study examined manipulative dexterity in 115 workers with exposure to hand-transmitted vibration and found significantly worse dexterity scores in workers exposed to hand-transmitted vibration compared with controls.[@bib16] Furthermore, disability can extend beyond the workplace to impair a patient\'s ability to complete activities of daily living, such as writing, opening lids, or buttoning clothes.[@bib7], [@bib17] One study found that 42% of workers with HAVS experienced one or more difficulties in performing activities of daily living, which was strongly correlated with reduced grip strength and pain.[@bib17] Prompt recognition of HAVS is important so that exposure to vibration can be limited to prevent further damage in the affected tissue, allowing the patient a chance for a good quality of life and to continue working in some capacity.
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